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Zusammenfassung: 
Windmessungen im Mesopausenbereich über Mitteleuropa (Collm, 52°N, I5°E) werden im 
Hinblick auf Langzeittrends und eine eventuelle Abhängigkeit vom II -jährigen Sonnenflecken-
zyklus hin untersucht. Der Einfluß der solaren Variabilität ist jahreszeitenabhängig; nur in 
Frühjahr und Sommer wird eine signifikante Korrelation gefunden. Im Sommer ist diese Ab-
hängigkeit mit stärkeren vertikalen Gradienten des mittleren zonalen Grundwindes im solaren 
Maximum verbunden. Dies weist auf einen Ursprung dieser Abhängigkeit in der Strato-
sphäre/Mesosphäre sowie auf Koppelungsmechanismen zwischen Stratosphäre, Mesosphäre 
und unteren Thermosphäre hin. Da die 2-Tage-Welle vom Gradienten abhängt, führt dies zu 
einer positiven Korrelation zwischen der Amplitude der 2-Tage-Welle und der Sonnenflecken-
relativzahl. 
Summary: 
Mesopause winds over Central Europe (Collm, 52°N, I5°E) are analysed with respect to long-
term trends and I 1-year solar cycle dependencies. The response of the prevailing wind to the 
solar cycle differs throughout the year. While in winter no significant correlation between the 
zonal prevailing wind and the solar activity is found, in spring and summer a negative correla-
tion between solar activity and zonal prevailing wind can be seen from the measurements. This 
is connected with strenger vertical gradients of the zonal prevailing wind during solar maxi-
mum than during solar minimum. This hints to a forcing of the mesopause region dynamical 
reaction on solar activity from the stratosphere/mesosphere and to coupling processes in the 
stratosphere-mesosphere-lower thermosphere system. Since the amplitude of the quasi two-
day wave is dependent on the zonal mean wind gradient, this is connected with a positive cor-
relation between solar activity and quasi two-day wave activity. 
1. Background 
One of the first investigations of the solar cycle dependence on the mesopause winds was done 
by Sprenger and Schrninder (1969). From DI LF measurements they found an increase of both 
zonal and meridional prevailing wind with solar activity, and a decrease of the semidiurnal tidal 
amplitude with the solar radio flux. A similar study was carried out by Dartt et al. (1983), who 
confirmed their results concerning the solar cycle dependence of the winter prevailing wind. 
Additionally they found a negative correlation of the zonal prevailing wind and a positive cor-
relation of the spring and early summer meridional prevailing wind with the solar activity. Grei-
siger et al. (I987), however, found negative correlation of solar flux and zonal prevailing wind, 
although they could confirm the negative correlation of solar flux and semidiurnal tide. Nam-
boothiri et al. (I993) found a positive correlation of the zonal prevailing wind in winter, but a 
negative one in summer. A tendency of negative correlation of the meridional wind in winter 
and positive correlation in summer was also found. Recently, Bremer et al. (1997) reported 
positive correlation of the zonal as well as of the meridional wind and the solar flux in winter, 
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and negative correlation in summer. Jacobi et al. (1997 a) found no solar cycle dependence of 
the semidiurnal tidal amplitude, but confirmed the negative correlation between the zonal pre-
vailing wind and solar activity in summer. 
lt may be summarized, that so far the results concerning the dependence of the 
mesopause wind parameters on the solar cycle are not very conclusive and partially contradict-
ing. At least for the case of the semidiurnal tidal amplitude this may be due to an oscillation at 
very long time scales that is obviously of non-solar origin (Jacobi et al., 1997a). On the other 
hand, there is evidence for an influence of the solar variability, especially of the 11-year solar 
cycle, on the stratosphere (e.g. van Loon and Labitzke, 1994, Labitzke and van Loon, 1992, 
1996), and recently Svensmark and Friis-Cristensen (1997) proposed a link between cosmic 
ray flux and tropospheric climate variability. Thus it appears reasonable to explain any solar 
cycle dependence of mesopause region dynamics in terms of a forcing from below, i.e. in the 
first place from the stratosphere and mesosphere, rather than through an in situ effect as differ-
ent ionization or absorption processes, for instance. In this connection, in the following 
mesopause wind data measured at the Collm Observatory of the University of Leipzig are in-
vestigated with respect to a possible solar cycle dependence and with emphasis of a possible 
connection to processes in the mesosphere below. The investigation will restrict on the zonal 
prevailing wind and the quasi 2-day wave, since these parameters in the past have been found 
tobe the ones that are most influenced by solar variability (Jacobi et al., 1997a,b). 
2. Description of measurements and data analysis 
The wind field of the upper mesopause region is continuously observed by daily Dl (total re-
flection) wind measurements in the LF (low-frequency) radio wave range, using the iono-
spherically reflected sky wave of three commercial radio transmitters on 177, 225 and 270 
kHz. The measurements are carried out according to the closely-spaced receiver technique. A 
modified form of the similar-fade method is used to interpret the wind measurements automati-
cally since 1973 (Kürschner, 1975). Since in summer during the day the absorption of the sky 
wave is too strong, the daily measuring period is restricted to night and twilight then. 
Since the measurements are inhomogeneously distributed in time, a multiple regression 
analysis is used to deterrnine the monthly prevailing wind and the semidiurnal tidal wind com-
ponents using the half-hourly mean values of the measured zonal and meridional wind compo-
nents. The spectral selectivity of the separation of prevailing and tidal wind is improved 
through fitting the measured values for the two horizontal wind components as a vector, as-
suming clockwise circularly polarized tidal wind components: 
v z = v oz + b sin(cot) + c cos(cot), 
(1) 
V m = Vom+ b cos(cot)- C sin(cot), 
with eo= 2n/12h, where Vz and Vm are the zonal and meridional horizontal wind components, 
respectively, and Vom and Voz are the components of the horizontal prevailing wind, while the 
semidiurnal phase (T2z) and amplitude (v2z) can be calculated from the coefficients band c. The 
diurnal tidal components are not taken into account, because the daily, quasi-regularly distrib-
uted data gaps would lead to a large error in the calculation of these (Kürschner, 1991). Thus 
an error of the prevailing wind can occur when only nighttime measurements are performed. 
However, at midlatitudes the diurnal tide is a much less dominant feature than the semidiurnal 
tide (e.g. Manson et al., 1989), and comparison of calculations of the zonal prevailing wind 
calculated with and without including the diurnal tide into the regression analysis led to an er-
ror of less than 4 ms-1 in each month that is due to omitting the diurnal period in Eq. (1). 
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Since September 1982 the reflection height is measured on 177 kHz, using travel time 
differences of corresponding modulation bursts between the ground wave and the reflected sky 
wave in the 1.8 kHz modulation range (Kürschner et al., 1987). To avoid apparent wind varia-
tions due to reflection height variations in the presence of vertical gradients of the mean wind, 
only these times of the night are used for the regression analysis after Eq. (1), when the long-
term mean reflection height, obtained from the measurements after 1982, is found to vary only 
slightly around the mean height of about 95 km (e.g. Jacobi et al., 1996a). 
3. Results of monthly mean zonal winds 
In Figure 1 time series of the winter (December - February) and summer (June - August) mean 
zonal prevailing wind are shown. Some variability at time scales of 2 - 5 years can be seen. 
Additionally Jacobi et al., (1996b) found a weak dependence of the winter zonal prevailing 
wind on the equatorial QBO, but a connection between QBO, solar activity and winter midlati-
tude circulation, as it was found for the stratosphere ( e.g. Labitzke and van Loon, 1992, 
1996), cannot be found from the Collm measurements, which is probably due to the strongly 
variable reaction of the mesopause circulation to sudden stratospheric warmings. However, in 
summer there is some evidence for a negative solar cycle dependence of v0 z. This is indicated 
by the two heavy arrows in Figure 1 that point to relative minimum values of the smoothed 
summer zonal prevailing wind. 
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Figure 1: Time series of winter (December - February) and summer (June - August) mean 
values of the Collm zonal prevailing wind Vaz near 95 km. In the upper panel the 13-
monthly smoothed sunspot number R is added (after Jacobi et al„ 1997a, updated). 
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lt can be seen from Figure 1 that the long-term variability of the wind parameters is dif-
ferent for summer and winter. To take this into account, the time series of the wind parameters 
in every month are investigated with respect to a long-term trend and a solar cycle dependence 
using a multiple regression analysis after 
(2) 
where R is the 13-monthly smoothed sunspot number. The results for each month are shown in 
Figure 2. A significant long-term trend cannot be detected. The solar cycle dependency is 
shown in the lower panel. The most striking point is the negative solar cycle dependence of the 
zonal prevailing wind in spring and early summer that has already been found by other authors 
( e.g. Bremer at al., 1997, Jacobi et al., 1997 a). In winter no solar cycle dependence of the 
zonal prevailing wind is found. Results presented by Roper and Xiao (1990) showed a negative 
solar cycle dependence of the winter upper mesosphere vertical wind shear that is modulated 
by the phase of the QBO, but their results refer to a height below 90 km, and recently Arnold 
and Robinson (1998) presented results from numerical simulation that indicate a strong solar 
cycle dependence of the mesospheric circulation, which, however, is rapidly decreasing for 
heights above about 80 km, so that the results of Roper and Xiao (1990) and those presented 
here do not contradict each other. 
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Figure 2: Coefficients b (trend) and c (solar cycle dependence)for the zonal prevailing wind, 
calculated after Eq. (2) for each month. Solid symbols denote a significant dependence on the 
95%-level ( after Jacobi et al., 1997a, updated). 
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In summer, around 95 km height the westerly mesopause jet is situated. However, the 
interannual variability of this jet reflects the behaviour of the mesosphere below as well. To 
visualise this, in Figure 3 summer mean profiles of the zonal prevailing wind, calculated from 
joint analyses (Schminder et al., 1994, 1997) of Collm Dl LF and Juliusruh medium frequency 
(MF) radar data are shown. The MF radar data were provided by the Institute of Atmospheric 
Physics at Kühlungsborn, Germany. lt can be seen, that the stronger westerly winds in the 
mesopause region around 95 km in 1995 compared to 1990 are connected with weaker easter-
lies in the mesosphere below. Furthermore, the interannual variations appear to be stronger in 
the mesosphere at about 80 km altitude, which can already be seen from the results of 
Schminder et al. (1997, their Figure 2). This gives a hint to a strenger vertical zonal wind gra-
dient during solar maximum. 
The interannual variability of this gradient itself can be seen from the Collm wind data 
of the years 1983 - 1996, calculated using a modified form of Eq. ( 1) with height dependent 
coefficients: 
2 2 2 
v z = Lhkao1c.z + LbkhksinCDt + I,ckhkcosrot , 
k=O k=O k=O 
2 2 2 
(3) 
V m = LhkaOk,m + Lbkhk COSCDt - Lbkhk sinrot ' 
k=O k=O k=O 
again with the angular frequency being CD= 2rr/12h. Time series of the June - August mean 
vertical zonal prevailing wind gradients, calculated for a height of 90 km, are shown in Figure 
4. The 13-monthly smoothed sunspot number is also added. Besides a long-term trend of the 
vertical gradient a solar cycle dependence is also indicated. This is well visible in Figure 5, 
showing the detrended summer vertical zonal wind gradients in dependence of the sunspot 
number R. The correlation is significant at the 95%-level (t-test). 
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Figure 3: June - August mean 
profiles of mesosphere/lower 
thermosphere zonal prevailing 
windsfor high (1990, R = 151) 
and low (1995, R = 15) solar 
activity. The data are taken 
from joint analyses of Collm 
LF DI and Kühlungsborn MF 
radar data ( after Schminder et 
al„ 1994, 1997). 
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Figure 4: Time series of Collm summer (June - August) mean vertical gradients of the 
mesopause zonal prevailing wind at 90 km. The 13-monthly smoothed sunspot number 
is added. 
2,0 
,- 1,5 1 
E 
.::t:. 1,0 ,-
'Cf) 
E 
c 0,5 
c 
,,-.... 0,0 N 
<'.J 
~ 
0 
-0 5 > 
' <'.J 
...._ 
-1 0 
' 
-1 5 
' 0 25 50 75 100 125 150 17 5 
R 
Figure 5: Detrended Collm mean summer (June - August) vertical gradient of the zanal pre-
vailing wind at 90 km height, plotted in dependence of the 13-monthly smoothed sun-
spot number R. 
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4. Interannual variability of the quasi 2-day wave 
One of the most prominent pattems in summer mesopause dynamics is the quasi 2-day wave 
that is known since the early 70s (Muller, 1972; Babadshanov et al., 1973). lt very regularly 
appears around solstice and has been identified as a planetary wave of zonal wavenumber 3. 
Two mechanisms of the development of the wave are discussed: Salby (1981a,b) proposes, 
that the quasi two-day wave is a resonant amplification of the antisymmetric (3,3)-normal 
mode. Plumb ( 1983), however, suggests that the wave appears due to baroclinic instability 
near the summer stratospheric wind jet. The quasi 2-day wave at Collm is calculated using an 
extended form of Eq. (3), but with linearly height-dependent coefficients: 
(4) 
The frequencies included are ffiJ = 2rr/l 2h for the semidiumal tide and ffii = 2rr/48h for the 
quasi 2-day wave. Since the period P of the quasi 2-day wave is found to be generally not ex-
actly 48 hours and therefore is not known a priori, Jacobi et al. (1997b) calculated a regression 
analysis after Eq. (4) for each period range 43 h < P < 58 and used the one that provided the 
best fit between measured and calculated data. lt was found that during the maximum of the 
events the period is smaller than 48 hours, while before and after that time the periods are 
longer. This was also found by Thayaparan et al. ( 1997) for the years 1993 and 1994 from 
measurements at London, Canada. However, since during a 2-day wave event the period val-
ues change from !arge ones to smaller ones and back to long periods, an analysis that includes 
only the 48-hour period also leads to reasonable results in the vicinity of the amplitude maxi-
mum. The two horizontal amplitude components of the quasi 2-day wave were calculated us-
ing: 
(5) 
Bachanalysis was done using a 10-day data window. To give an impression of the interannual 
variability of the 2-day oscillation, thc zonal amplitudes at 95 km, this is the height of the 
maximum measuring density, are shown in Figure 6. lt can be seen, that the wave activity is 
quite variable, but there is a tendency for enhanced activity in the years 1988 to 1992. Thus a 
dependence of the 2-day amplitude on the solar activity is suggested. Therefore in Figure 7 the 
monthly mean 2-day amplitude 
V 48 = ~V~s,z + V~s,m (6) 
for a height of 95 km is shown in dependence of the sunspot number R for the months June -
August. In the fourth panel the mean summer amplitudes are presented. lt can be seen that the 
2-day amplitude is positively correlated with the solar activity, as it was already suggested by 
Jacobi et al. (1997b) for the period 1983 - 1995. This correlation can be due to the fact that the 
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quasi 2-day wave is positively dependent on the mean mesospheric zonal prevailing wind gra-
dient (Plumb, 1983; Pfister, 1985), such that the excitation of the wave is enhanced when the 
mesospheric easterly jet is stronger, or, in turn, the upper mesopause westerly winds are 
weaker. Since in summer the vertical zonal prevailing wind gradient is positively correlated 
with the solar activity, this leads to the positive correlation of v48 and R. However, from Figure 
7 it can be seen that only in August the correlation is relatively strong and therefore statistically 
significant. This could be due to the fact, that the quasi 2-day wave is a very regular phenome-
non that appears in nearly every summer, and additionally the events are more or less irregu-
larly distributed, as it can be seen from Figure 6. This means that during solar maximum only 
an enhanced probability for the appearance of 2-day wave events is found. Since in July this 
probability is large in any case, the enhancement during solar maximum is not significant for 
July, while in August, when during solar minimum the events appear more rarely, the enhanced 
probability for the appearance of the events can be seen more clearly. 
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Figure 6: Zonal Amplitude v48,z of the 2-day wave in June -August 1983- 1996. The values 
are calculated from running 10-day data windows with a step rate of 1 day after Eq. 
( 4) for an altitude of 95 km. F or further details see text. 
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Figure 7: Correlation between the monthly mean 2-day amplitude v48 at 95 km altitude and 
the 13-monthly smoothed sunspot number R for the months June - August, from Collm 
measurements of the years 1983 - 1996. 
6. Conclusions 
From the long-term time series of mesopause region winds measured at Collm possible de-
pendencies of upper middle atmospheric dynamical properties can be inferred. lt was found, 
that the spring and summer zonal prevailing wind is negatively dependent on the solar activity, 
this means the westerly winds are weaker during solar maximum. However, as it can be seen 
from Figure 3, this relation seems tobe due to a forcing from below, which is indicated byjoint 
analyses of mesospheric and mesopause region wind data from 1990 - 1996 (Schminder et al., 
1997). This also suggests a possible positive correlation of the strength of the summer meso-
spheric easterlies with the solar cycle. Although Juliusruh MF radar data are available only for 
a period less than one solar cycle, from the data measured so far this suggestion is also sup-
ported (Schminder et al., 1997). Additionally, regarding the vertical zonal prevailing wind 
gradients from 14 years of Collm measurements, one can see that the vertical zonal wind gra-
dients are positively correlated with the solar activity, and this also hints to a forcing of the 
solar dependence of the mesopause region zonal winds from below. However, as it was found, 
for example, by Jacobi et al. (1997a), the mesosphere/lower thermosphere circulation is vari-
able at partially very long time scales and the detection of dependencies may lead to incorrect 
results, if the time series used is shorter than about 2 decades. This means, considering all the 
measurements regarded here, that indeed a forcing of the solar cycle dependence of the 
mesopause region mean circulation from below is strongly suggested, but for a direct proof 
still longer time series of measurements may be necessary. 
The interannual variability of the quasi 2-day wave activity, however, also fits into this 
picture. The mean summer amplitude - which is actually a mixture of maximum amplitudes and 
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probability of appearance - is enhanced during solar maximum, which can be explained by the 
stronger vertical zonal wind gradients then. This again indicates that the upper meso-
spheric/lower thermospheric circulation is dependent on the solar activity through a forcing of 
the stratosphere/mesosphere as described in the previous paragraph. 
Thus the solar cycle dependence of the mesopause region mean circulation and quasi 2-
day wave would be a result of a solar cycle dependence of at least the lower thermosphere and 
the entire middle atmosphere. Therefore the mesopause region measurements might be useful 
for monitoring the long-term variability and solar dependencies of the middle atmosphere. 
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